Effects of intraaortic balloon counterpulsation on myocardial blood flow in patients with severe coronary artery disease  by Port, Steven C. et al.
JACC Vol. 3, No.6
June 1984:1367-74
1367
Effects of Intraaortic Balloon Counterpulsation on Myocardial Blood
Flow in Patients With Severe Coronary Artery Disease
STEVEN C. PORT, MD, FACC, SHANTILAL PATEL, MD, DONALD H, SCHMIDT, MD
Milwaukee, Wisconsin
The purpose of this study was to test the hypothesis that
myocardial blood flow distal to a critical stenosis would
increase during intraaortic balloon counterpulsation.
Accordingly, 13 patients with severe coronary artery
disease were studied at the time of elective preoperative
insertion of an intraaortic balloon catheter. Hemody-
namic measurements and measurements of myocardial
blood flow were made before and during counterpul-
sation. Myocardial blood flow was measured with a xe-
non-133 washout technique. Compared with control
measurements, the heart rate decreased from 87.8 ±
18.8 to 82.8 ± 13.4 beats/min (p = 0.02) and systolic
arterial pressure decreased from 112.1 ± 17.9 to 97.8
± 14.8 mm Hg (p = 0.004) during counterpulsation.
Diastolic arterial pressure increased from 72.2 ± 10.1
to 120.2 ± 21.4 mm Hg (p = 0.00002) during counter-
pulsation. Myocardial blood flow for the entire group
Although there is little controversy about the beneficial clin-
ical effects of intraaortic balloon counterpulsation in the
treatment of ischemic heart disease (1-7), the mechanisms
responsible for this clinical improvement have not been well
established, Proposed mechanisms include the reduction in
afterload from the reduced systolic arterial pressure and
increased myocardial blood flow from the augmented dia-
stolic pressure. The reduction in afterload has been repro-
ducibly demonstrated in both animals and human subjects,
but changes in myocardial blood flow during counterpul-
sation have been quite variable with no consistent pattern
emerging, In animal models, there are reports of increased
flow (8-10), unchanged flow (11-13) and unchanged en-
docardial and diminished epicardial flow (14) during arterial
counterpulsation, Measurements of myocardial blood flow
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decreased from 48.8 ± 14.1 to 42.6 ± 11.0 ml/l00 g
per min (p = 0.008). Regional flows in the left anterior
descending and circumflex distributions also decreased.
Left anterior descending artery blood flow decreased
insignificantly from 51.5 ± 14.4 to 47.4 ± 11.7 ml/l00
g per min (p = not significant), while circumflex flow
decreased from 50.7 ± 12.2 to 41.1 ± 8.9 ml/loo g per
min (p =0.008). When normalized for the rate-pressure
product, myocardial blood flow was 53 ± 16 x 10- 4 at
rest and 55 ± 12 x 10-4 (p = not significant) during
counterpulsation.
The results suggest that the effects of intraaortic bal-
loon counterpulsation in stable patients with severe coro-
nary artery disease are largely due to a reduction in
demand, rather than to a primary increase in coronary
blood flow.
in human subjects during balloon counterpulsation are rare
and the results equally variable (1,15-17),
The total reported experience in human subjects includes
20 patients in shock (1,15) and 13 patients with unstable
angina (16,17). Consequently, we undertook this study to
measure myocardial blood flow in patients with severe coro-
nary artery disease undergoing preoperative balloon pump
insertion to test the hypothesis that counterpulsation in-
creased flow to myocardium distal to a critical stenosis.
Myocardial blood flow was measured with a xenon-133
washout technique.
Methods
Patients (Table 1). Thirteen patients, 12 men and 1
woman, whose age averaged 59.5 ± 9 years, constituted
the study group, In general, the patients had both extensive
coronary artery disease and severe left ventricular dysfunc-
tion. All patients had three vessel coronary artery disease,
all but one patient had sustained at least one myocardial
infarction and four patients had had two infarctions. Two
of the following three criteria were necessary for a diagnosis
0735-1097/84/$3.00
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Table 1. Clinical Summary
Age (yr) Symptoms and Vessels With
Case &Sex NYHA Functional Class "=:75% Occlusion LVEF
64M Angina, III Left main, LAD, 0.53
LCx, RCA
2 68M Angina, Ill: LAD, LCx, RCA, 0.28
SIP CABG all grafts occluded
3 44M Angina, III LAD, LCx, RCA 0.20
4 55M CHF, III LAD, LCx, RCA 0.17
5 60M Recurrent LAD, LCx, RCA 0.22
V Fib and
V Tach
6 56M CHF, " LAD, LCx, RCA 0.27
7 75F Angina, IV, LAD, LCx, RCA: 0.25
CHF, III; RCA graft
SIP CABG occluded
8 64M Angina, III LAD, LCx, RCA 0.20
9 54M CHF, IV LAD, LCx, RCA 0.25
10 44M Angina, IV; LAD, LCx, RCA 0.73
SIP CABG
11 56M CHF, IV LAD, LCx, RCA 0.11
12 64M Asymptomatic LAD, LCx, RCA 0.17
13 70M Angina, IV LAD, LCx, RCA 0.18
CABG = coronary artery bypass grafting; CHF = congestive heart failure: F = female: LAD = left anterior descending coronary artery: LCx =
left circumflex coronary artery; LVEF = left ventricular ejection fraction; M = male; NYHA = New Yark Heart Association: RCA = right coronary
artery: SIP = status post; V Fib = ventricular fibrillation; V Tach = ventricular tachycardia.
of myocardial infarction: history of typical chest pain, evo-
lutionary electrocardiographic changes and diagnostic changes
in serial enzymes. Left ventricular wall motion was diffusely
abnormal in nine patients, two had a large anteroapical
aneurysm and two had normal left ventricular function. The
left ventricular ejection fraction ranged from 0, II to 0.73
(mean 0.27 ± 0.16). One patient had severe mitral regur-
gitation and three had had prior coronary bypass surgery.
All patients were studied at the time of preoperative in-
traaortic balloon insertion.
The indications for insertion ofthe balloon catheter were
severe coronary disease with severe left ventricular dys-
function in nine patients, unstable (class IV) angina with or
without left ventricular dysfunction in three patients and
critical left m'ain coronary disease in one patient. The latter
patient was a 64 year old man with class III angina, a 95%
occlusion of the left main coronary artery, subtotal occlu-
sions ofthe right, left anterior descending and left circumflex
coronary arteries and a left ventricular ejection fraction of
0.53.
Intraaortic balloon counterpulsation. A 40 ml balloon
catheter was inserted percutaneously in either groin accord-
ing to standard technique. In all cases, the tip of the catheter
was positioned at the aortic arch. The inflation and deflation
cycles were adjusted to provide maximal diastolic augmen-
tation. Counterpulsation was maintained for at least 10 min-
utes before hemodynamic measurements were obtained.
A left coronary catheter ( 10 patients) or a right coronary
catheter (3 patients) was inserted percutaneously into which-
ever femoral artery was free. Myocardial perfusion was
measured through the left coronary artery in 10, the right
coronary artery in I and aorta-left anterior descending vein
grafts in 2 patients, respectively. In the latter two patients,
the grafts were angiographically normal, but there was sig-
nificant disease in the native arteries.
The heart rate and phasic and electronically meaned sys-
temic pressures were measured befof\~ and after balloon
counterpulsation.
Myocardial blood flow. Myocardial blood flow was
measured with a xenon-133 washout technique. Control
measurements were made before counterpulsation in II pa-
tients and 10 to 15 minutes after interruption of counter-
pulsation in 2 patients. A modification of the method re-
ported by Cannon et al. (18) was used. The ostium of the
coronary artery or graft was engaged and a set of four
radiopaque and radioactive markers was positioned under
fluoroscopy such that the cardiac silhouette was contained
within the markers in a 60° left anterior oblique projection.
A contrast arteriogram was then recorded on film with the
markers in place for subsequent reference. Without moving
either the patient or the markers, the fluoroscopy tube was
then removed and a multicrystal gamma scintillation camera
(Baird-Atomic system 77) was positioned in the same left
anterior oblique projection. The markers were imaged with
the gamma camera. Xenon-133, 10 to 15 mCi, dissolved
in less than 2 ml of saline solution (Xenisol, Mallinckrodt,
Inc.) was then loaded into the coronary catheter and rapidly
flushed in with 2 to 5 ml of saline solution. Counting was
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started at the time the isotope was loaded into the catheter
and terminated after 100 seconds. Data were dynamically
acquired on disk using I second framing intervals and trans-
ferred to magnetic tape for subsequent analysis and storage.
Real time visual assessment of the uptake and washout of
the isotope provided instantaneous feedback on the ade-
quacy of the injection in terms of catheter position and
sufficient myocardial counts. If either seemed inadequate,
the injection was repeated. Data were routinely corrected
for background counts and instrument dead time. No adverse
effects were reported by any of the patients during the xe-
non-133 injections.
Radionuclide data processing. All data were processed
with the hardware and software of the Baird-Atomic in-
strument. Serial I second images were displayed and used
to identify zones corresponding to the left anterior descend-
ing, circumflex and total left coronary distributions.
Acquisition of radionuclide data in the left anterior oblique
projection ensured separable left anterior descending and
circumflex zones. Figure I shows an example of the ac-
quisition display and the method of zoning. Only one zone
was used for the left anterior descending graft injections.
In the single right coronary study, two zones were used
that corresponded, respectively, to the right ventricular and
left ventricular distributions of the right coronary artery.
Time-activity curves were then created for each zone. Rep-
resentative time-activity curves for one subject before and
during counterpulsation are shown in Figure 2. Using a
computer algorithm, a least squares monoexponential fit is
applied to the time-activity curve during washout of the
isotope from peak activity to 50% of peak activity. The
monoexponential decay constant, K (min - I), of the washout
during that time is determined. Myocardial blood flow is
then calculated from the equation:
A
Myocardial blood flow (ml/lOO g per min) K - x 100.
p
where A is the blood/myocardial tissue partition coefficient
for xenon-133 (0.72) and p is the specific gravity of myo-
cardial tissue (1.05).
Reproducibility studies. To ascribe any changes in cal-
culated myocardial blood flow to counterpulsation, it was
necessary to establish the reproducibility of the measure-
ment. In a separate group of 19 patients undergoing diag-
nostic catheterization, two measurements of myocardial blood
flow through the left coronary artery were made at rest
within 5 minutes of each other. No effort was made to
control either heart rate or blood pressure; however, neither
variable showed a significant change between the two mea-
surements (79.8 ± 14.9 versus 79.3 ± 15.3 beats/min for
heart rate and 125.9 ± 27.3/74.9 ± 12.9 versus 126.6 ±
26.5/74.9 ± 11.5 mm Hg for blood pressure). Left coronary
flow averaged 62.4 ± 19.1 millOO g per min on the first
measurement and 60.2 ± 15.9 milI00 g per min (probability
[p I = not significant INS]) on the second measurement.
The linear correlation coefficient for the two measurements
was 0.93 and the standard error of the estimate was 5.9
mlllOO g per min (10% of the average flow value). Mea-
surements of flow in the left anterior descending and cir-
cumflex distribution were equally reproducible. For the left
anterior descending, the mean values for the two measure-
ments were 63.8 ± 19.9 and 61.9 ± 18.4 mlliOO g per
min, respectively, (p = NS) with a linear correlation coef-
Figure 1. Upper left, Serial unpro-
cessed I second images after injection
of xenon-133 into the left coronary ar-
tery. The myocardial image is in-
verted. Upper right, Composite 40
second image with 20% background
subtraction. All crystals (pixels) in the
left coronary artery distribution are in-
dicated by the number I. Lower left,
Same image as upper right with the
crystals in the left anterior descending
artery distribution numbered 2. Lower
right, Same image with crystals in the
circumflex artery distribution num-
bered 3.
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Figure 2. Representative, unprocessed time-activ-
ty or washout curves after control left coronary
Irtery injection and repeat injection during coun-
erpulsation. Note the obviously slower washout of
sotope during counterpulsation. LAD = left an-
erior descending coronary artery.
ficient of 0.92 and standard error of the estimate of 8.0
mil 100 g per min. For the circumflex distribution, the mean
values were 60.6 ± 18.0 and 60.8 ± 15.3 mll100 g per
min, respectively, (p = NS) with a correlation coefficient
of 0.97 and a standard error of the estimate of 4. I mill 00
g per min.
Statistical analysis. Hemodynamic measurements and
measurements of myocardial blood flow during counter-
pulsation were compared with control values using a paired
t ana~ysis. A p value of less than 0.05 was considered
significant.
Results
Hemodynamic effects of balloon counterpulsation
(Table 2). The control heart rate was 87.8 ± 18.8 beats/min
(range 66 to 126). After counterpulsation, the heart rate
decreased to 82.8 ± 13.4 beats/min (p = 0.02) (range 66
to 114). The systolic blood pressure decreased in II of the
13 patients and increased insignificantly in 2 during coun-
terpulsation. For the group, mean systolic pressure de-
creased significantly from 112.1 ± 17.9 to 97.8 ± 14.8
mm Hg (p = 0.0004). Diastolic pressure was augmented
in all patients and the mean increased from 72.2 ± 10.1
to 120.2 ± 21.4 mm Hg (p = 0.00002). Mean blood
pressure was 87.5 ± 8.5 mm Hg before balloon pumping
and 88.4 ± 9.2 mm Hg during counterpulsation (p = NS).
Effects of counterpulsation on myocardial blood flow
(Table 3). When total left coronary, graft and right coro-
nary flows are considered together, average control flow
was 48.8 ± 14.1 mlllOO g per min and showed a significant
decrease during counterpulsation to 42.6 ± 11.0 mlliOO g
per min (p = 0.008). Of the 14 zones in the group, 10
showed a decrease and 4 an increase in flow during coun-
terpulsation. None of the 4 increases in flow exceeded the
standard error of the measurement (5.9 mlllOO g per min),
whereas 7 of the 10 decreases in flow exceeded the standard
error. Regional flows showed a similar pattern. Flow in the
Table Z. Hemodynamic Measurements Before and During Balloon Counterpulsation
Heart Rate Systolic Blood Diastolic Blood Mean Blood
(beats/min) Pressure (mm Hg) Pressure (mm Hg) Pressure (mm Hg)
Case C B C B C B C B
I 66 66 lIS 100 60 130 83 83
2 80 80 120 110 70 130 92 95
3 102 90 95 75 80 90 82 75
4 126 114 130 95 85 lIS 102 92
5 84 78 110 112 78 lIS 88 92
6 90 90 100 102 70 113 85 92
7 72 78 140 110 60 175 89 95
8 102 90 110 105 88 120 90 95
9 114 96 92 78 72 92 82 68
10 60 66 120 95 75 105 92 NA
II 78 72 75 70 55 130 70 85
12 84 72 130 I IS 80 132 100 100
13 84 84 120 105 65 lIS 87 89
Mean 87.8 82.8 112.1 97.8 72.2 120.2 87.5 88.4
±SD ± 18.8 ± 13.4 ± 17.9 ± 14.8 ± 10.1 ±21.4 ±8.5 ±9.2
p = 0.02 P = 0.0004 P = 0.00002 P = NS
B = balloon counterpulsation; C = control; NA = not available; NS = not significant; p = probability; SO = standard deviation.
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Table 3. Myocardial Blood Flow (mill 00 g per min) Before and During Balloon Counterpulsation
All Zones LAD LCx RCA
Case C B C B C B C B
I 54 40 59 43 49 37
2 55 47 61 52 50 45
3 33 24 35 25 35 25
4 68 61 77 62 62 59
5 40 43 41 45 38 41
6 39 35 36 42 41 33
7* 46 49 46 49
8 59 58 59 68 63 39
9t 68 42 71 42
10* 70 55 70 55
II 31 27 31 27
29 31 29 31
12 51 42 46 39 57 46
13 40 43 37 42 41 44
Mean 48.8 42.6 515 47.4 50.7 41.1
±SD ± 14.1 ±11.0 ± 14.4 ± 11.7 ± 12.2 ±8.9
p = 0.008 P = NS P = 0.008
*Aorta-left anterior descending coronary artery graft: tTotal left anterior descending coronary artery occlusion without collateral flow from the left
circumflex coronary artery. Abbreviations as in Tables I and 2.
left anterior descending distribution averaged 51.5 ± 14.4
mlllOO g per min during the control period and decreased
to 47.4 ± 12.8 ml/lOO g per min during counterpulsation,
but the difference was not significant. Five of II subjects
showed increases while 6 of 11 showed decreases in left
anterior descending artery flow during counterpulsation.
However, only one of the increases, compared with five of
six decreases, exceeded the standard error of the measure·
ment (8.0 ml/lOO g per min).
Two subjects (Cases 6 and 8) showed an increase in left
anterior descending flow while circumflex flow decreased.
In all other subjects, directional changes in left anterior
descending and circumflex flows were similar. In the left
circumflex distribution, mean control flow was 50.7 ± 12.2
ml/lOO g per min and decreased significantly to 41.1 ± 8.9
ml!100 g per min (p = 0,008). Two of 10 patients showed
insignificant increases in left circumflex flow. Eight of 10
patients showed decreases in left circumflex flow, seven of
which exceeded the standard error of the measurement (4.1
mlllOO g per min). In the one right coronary artery study,
there were insignificant changes in flow to the right and left
ventricular distributions of that artery,
In no patient did the distribution of xenon-133 change
during counterpulsation; that is, in no instance did a
nonperfused area show significant perfusion during
counterpulsation,
Patients with left ventricular dysfunction. Because of the
clinical heterogeneity of the patient group, the data from
the nine patients with severe left ventricular dysfunction but
without unstable angina were analyzed separately. The re-
sults were similar to those for the entire group. Total left
coronary flow decreased from 47,9 ± 14.3 to 40.9 ± 11.6
mil 100 g per min (p = 0.008), left anterior descending flow
insignificantly from 51.7 ± 13.5 to 47.0 ± 13.5 millOO
g per min and circumflex flow from 51.8 ± 12.4 to 40.8
± 9.4 mil 100 g per min (p = 0.005). For the three patients
with unstable angina, flow decreased in one and was un-
changed in two.
Change in rate-pressure product. There was no linear
relation between either the magnitude or direction of the
change in myocardial blood flow with the magnitude or
direction of the change in systolic blood pressure. However,
if myocardial blood flow is normalized to the product of
heart rate times systolic blood pressure. a crude index of
myocardial oxygen demand, then myocardial blood flow!
rate-pressure product was 53 ± 17 x 10- 4 during the
control measurement and 55 ± 13 x 10- 4 (p = NS) during
counterpulsation (Table 4). Only one subject failed to show
a decrease in rate-pressure product during counterpulsation.
Discussion
Intraaortic balloon counterpulsation has been shown to
be effective in several clinical situations. Symptomatic and
hemodynamic improvement have been documented in pa-
tients with cardiogenic shock (1,15) and unstable or prein-
farction angina (2-4,6,16,17). Although not proven effi-
cacious in controlled trials, it is common clinical practice
to use balloon counterpulsation prophylactically in the stable
preoperative patient with critical coronary artery disease,
especially in the presence of severe left ventricular dys-
function. Although intuitively one would suspect that the
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Table 4. Myocardial Blood Flows Normalized for
Rate-Pressure Product*
Case Control Counterpulsation
I 71 61
2 57 53
3 34 36
4 42 56
5 43 49
6 43 38
7 46 57
8 53 61
9 65 56
10 97 88
II 53 54
50 6\
12 47 56
13 40 49
Mean:±: SD 53 :±: 16t 55 :±: 12t
*Values expressed as myocardial blood flow/heart rate x systolic blood
pressure x 10 - 4 tDifference not significant.
augmented diastolic arterial pressure would increase coro-
nary perfusion pressure and myocardial blood flow, few data
are available in patients to support that hypothesis. Ac-
cordingly, we undertook this study to document the effects
of counterpulsation on myocardial blood flow in patients
with coronary artery disease.
Xenon washout method. We used the xenon washout
method to measure myocardial blood flow, a technique de-
scribed by several investigators in the past (18-22). Sciacca
et al. (23) showed an excellent correlation between mea-
surements of myocardial blood flow using the xenon-133
washout technique and radioactive microspheres. The tech-
nique has been used previously in this laboratory to assess
flow in coronary bypass grafts (24). One major difference
between previous clinical studies using the xenon method
and this study is the extent of scarred myocardium in our
group of patients. Extensively scarred myocardium may
have a different blood/tissue partition coefficient for xenon
than does normal myocardium. If that were the case, then
the flows in our study might be systematically over- or
underestimated. That possibility notwithstanding, the ob-
served directional changes in flow should still be accurate
unless the partition coefficient itself was altered by balloon
counterpulsation.
Analysis of regional flows. In the present study, the
method of analysis of regional flows was modified. Previ-
ously, washout curves were generated for each crystal (pixel)
in the myocardial image (23,24). Regional flows were then
calculated as the average of individual crystal flows in a
given arterial distribution. In this study, individual crystal
data were not used. Rather, a regional zone was used that
provided one washout curve for all the crystals within the
distribution of a given artery. In that way, the statistical
reliability of the washout curves generated was markedly
enhanced because each curve contained data from an av-
erage of 39 crystals. Before this study, the reproducibility
of this modification was examined in a separate group of
patients. Although neither heart rate, blood pressure nor
autonomic tone was regulated in those patients, the mea-
surements of total left coronary, left anterior descending and
left circumflex flows were highly reproducible.
In the group of patients in this study, control myocardial
blood flow averaged 48.8 ± 14.1 mil 100 g per min, a value
remarkably similar to the 48.0 mlllOO g per min reported
by Cannon et al. (18) for abnormal left coronary arteries
and well below both our normal value of 69.8 ± 21.2
mlllOO g per min and the normal value of 64.1 mlllOO g
per min reported by Cannon et al. (18). Using a different
technique, Klocke et al. (25) also reported lower flows at
rest in patients with coronary artery disease. In our expe-
rience, lower flows at rest are often associated with ven-
tricular wall motion abnormalities, which were extensive in
the patients in this study. Many patients with severe stenoses
and normal ventricular function have normal flows at rest.
Intraaortic balloon counterpulsation resulted in a decrease
in mean total left coronary and mean left circumflex coro-
nary blood flows. There was no change in mean left anterior
descending coronary blood flow. Most of the patients had
either no significant change or a reduction in myocardial
blood flow during counterpulsation. In one patient, flow
increased significantly in the distribution of a subtotally
occluded left anterior descending coronary artery. In that
patient, left circumflex flow showed a significant decrease.
Because myocardial blood flow is directly related to myo-
cardial oxygen demand (26), we divided the left coronary,
right coronary and left anterior descending graft flows by
the rate-pressure product. When flows were thus normal-
ized, there was no significant difference between control
and counterpulsation values. A potential problem with that
analysis, however, is that rate-pressure product is not a very
accurate predictor of oxygen consumption. Furthermore, the
product reflects global oxygen consumption and may not
reflect regional changes in demand, especially in the pres-
ence of coronary artery disease.
Differences from other studies. Clinical studies
(1,15-17) of the effect of intraaortic balloon counterpul-
sation on coronary blood flow have yielded varying results.
The differences among the various studies may be due to
methodologic differences and differences in the clinical con-
ditions of the patient groups. Leinbach et al. (1) used an
iodine-131 iodoantipyrine method to show a variable re-
sponse of coronary flow to counterpulsation in the setting
of cardiovascular collapse after acute myocardial infarction.
In 7 of 14 measurements in that study, coronary flow de-
creased during counterpulsation. In contrast, Mueller et al.
(15) also used the iodine-131 iodoantipyrine method to show
that coronary flow increased during counterpulsation in all
10 patients studied during cardiogenic shock after acute
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myocardial infarction, Two recent studies (16,17) assessed
the effect of counterpulsation on coronary flow in patients
with unstable angina. In both studies, patients were carefully
selected because of recurrent chest pain at rest with accom-
panying electrocardiographic changes of ischemia and high
grade proximal left anterior descending coronary artery sten-
oses. Using the coronary sinus thermodilution method, which
theoretically can selectively measure venous drainage from
the anterior descending coronary artery, the studies showed
opposite effects during counterpulsation. Williams et al.
(16) showed that great cardiac vein flow decreased signif-
icantly, while Fuchs et al. (17) showed a significant increase
in great cardiac vein flow, In their discussion, Fuchs et al.
suggested that less severe stenoses and higher control sys-
tolic pressures distinguished their group from that reported
by Williams et al.
Our study used a different method for measuring coro-
nary flow in a different group of patients. Nine of our 13
patients underwent preoperative balloon catheter insertion
because of severe left ventricular dysfunction; 3 patients had
unstable angina with either normal or abnormal ventricular
function and I had critical left main and three vessel disease,
but neither unstable angina nor left ventricular dysfunction.
In addition, two of our subjects were studied by means of
aorta-coronary bypass grafts, and in one subject the right
coronary artery was studied. Therefore, our results may not
be strictly comparable with those of previous studies. The
clinical and methodologic variability in our group may have
obscured the changes in flow that would have been seen in
a more homogeneous group of patients. However, when the
patients in whom the grafts and the right coronary artery
were studied are excluded from the statistical analysis, the
results are unchanged. Similarly, if the patients with unsta-
ble angina are excluded, the results are unchanged. In the
three patients with unstable angina, flows either decreased
or remained the same.
The work of Powell et al. (27) may provide an expla-
nation for some of these discrepancies. They showed that
coronary flow increased in dogs that were hypotensive be-
fore counterpulsation, but that flow was unchanged in nor-
motensive dogs. That phenomenon could account for the
differences between the early clinical studies (1,15) in which
all patients were in shock and the more recent studies (16, 17)
in which no patients were in shock. It also raises the pos-
sibility that improvement in myocardial blood flow may be
most striking during acute ischemia, None of the recent
studies, including our study, measured flow during pain and
after relief of pain by counterpulsation.
The major methodologic problem in our study, as well
as those using the coronary sinus thermodilution method,
is the inability to detect changes either in the transmural
distribution of flow or in small subregions of the myocar-
dium, data that are only obtainable with microsphere tech-
niques, Using microsphere techniques, Klocke et al. (25)
and Sciacca et al. (23) demonstrated that inert gas methods
overestimated flow when significant regional heterogeneity
of flow was produced by experimental stenoses in dogs. If
counterpulsation caused flow to increase in areas that were
adjacent to larger areas of tissue in which flow decreased,
then the areas with increased flow might not be detected
with the xenon method. It is also conceivable that a bene-
ficial transmural redistribution of flow could occur during
counterpulsation, while total coronary flow either remained
the same or decreased. However, even with microsphere
techniques. different laboratories (8,12,13) have obtained
varying results for changes in the transmural distribution of
flow in animals with acute coronary artery occlusion. In
animal models with subtotal stenoses and no infarction, Gill
et al. (8) reported increased post-stenotic flow, while
Gewirtz et al. (14) showed a decrease in post-stenotic epi-
cardial flow and no change in endocardial flow during
counterpulsation.
Implications. The hypothesis, proposed by some in-
vestigators (1,8), that balloon counterpulsation would in-
crease flow to ischemic muscle and either decrease or have
no effect on flow to nonischemic muscle has not been re-
producibly demonstrated in animals or patients. There is
evidence in this and prior studies (8,14,16) that changes in
myocardial blood flow during counterpulsation may be closely
linked to changes in myocardial oxygen demand rather than
to primary changes in myocardial blood flow.
The results of this study and that of Williams et al. (16)
suggest that when normalized for demand, myocardial blood
flow is unchanged during balloon counterpulsation in pa-
tients with critical coronary artery disease, either with or
without angina at the time of study, It is possible that the
techniques in both studies may mask increases in flow to
small areas of myocardium and may not reflect transmural
shifts in the distribution of flow. Techniques such as myo-
cardial metabolic imaging with positron tomography or
quantitative perfusion imaging with single photon axial to-
mography may resolve that question in the future.
Wc thank Tom Lassar. MD for his patience and technical expertise and
Elaine Heartlein and Jean Tschachler for assistance in manuscript preparation.
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